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AERONAUTICS 

TRE ORIGIN AND DISTRIBUTION OF SUPERSONIC STORE 

INTERFEFC3NCE  FROM MEASUREMENT OF  INDIVIDUAL  FORCES  ON 

SEWEFXL WING-FUSELAGE-STORE  CONFIGURATIONS 

V - SWEPT-WING HEAVY-BOMBEB CONFIGURATION WITH LARGE 

STORE (NACELLE:) . MACH NUMBER 2.01 

By  Harry  W.  Carlson  and  Douglas J. Geier 

A supersonic  wind-tunnel  investigation  of  store  interference has 
been  performed  in  the  Langley 4- by  4-foot  supersonic  pressure  tunnel 
at a Mach  number  of 2.01 in  which  separate  forces  on a store  and a 
swept-wing-fuselage  combination  were  measured.  The  store  was  separately 
sting-mounted  on  its own six-component  internal  balance  and  was  traversed 
through a wide  systematic  range  of  spanwise,  chordwise,  and  vertical 
positions.  This  report  presents  data  on a configuration  which  simulated 
a heavy-bomber  airplane  with a large  external  store. 

The  interference  effects  measured  for  the  heavy-bomber  configuration 
at a Mach  number  of 2.01 were  similar  in  character  and  magnitude to  those 
reported  previously  at a Mach  number  of 1.61. In general,  the  maximum 
interference  force  coefficients  at  the  higher  Mach  number  are  slightly 
less  and  the  curves  are  displaced  in  the  direction of the  Mach  line  shift. 
Linearized-theory  calculations  of  the  effect  of  the  wing-fuselage  flow 
field  on  store  drag  have  been  made. 

INTRODUCTION 

A systematic  series  of  wind-tunnel  investigations  have  been  conducted 
at  the  Langley  4-foot  supersonic  pressure  tunnel to determine  the  effect 
of  some  configuration  variables  on  the  aerodynamic  forces  incurred  by 
wing-fuselage-store  configurations.  This  report  presents  the  results of 
one  phase of this  series  in  which a large  store (a body  of  revolution 



having  an  equivalent  frontal area of a twin-engine  nacelle) was tes ted 
at a Mach  number of 2.01 over a wide range of pos i t ions   in   the   v ic in i ty  
of a swept-wing-fuselage  combination simulating a heavy bomber. Separate 
forces and moments were measured on the  st ing  supported  store 
( s i x  components) and on the wall-mounted half-span  wing-fuselage com- 
bination  (four components). An analysis of the data similar t o  that 
presented  in  references 1, 2, and 3 has been made. In  addition,  l inea- 
rized  theory  calculations of the   e f fec t  of the wing-fuselage  flow f i e l d  
on store  drag have been made. 

SYMBOLS 

%f 
drag  coefficient of wing-fuselage  combination, - D r a g  

qs 

cLtrf 
L i f t  

l i f t  coefficient of wing-fuselage  combination, - 
ss 

pitching-moment coefficient of wing-fuselage  combination 

Pitching moment 
qSZ 

C wing  bending-moment coefficient  (about  fuselage  center  line , 
2 w f  

posi t ive up) , Bending moment 

cDS 

C 
LS 

cnS 

drag  coefficient of store,  - Drag 
SF 

l i f t  coefficient of store,  - L i f t  
SF 

pitching-moment coefficient of store,  (about nose unless 

otherwise  indicated) , Pitching moment 
9FZ 

side-force  coefficient of store,  
Side  force 

SF 

yawing-moment coefficient of store  (about  nose), 

Yawing  moment 
9FZ 

2 



C t o t a l  drag  coefficient of complete configuration (wing- 
Dt fuselage  plus  store)  based on  wing area, C D ~  + CD, F/S 

C 
L t  

9 dynamic pressure,  lb/sq f t  

t o t a l  l i f t  coefficient of  complete configuration ( w i n g -  
fuselage  plus  store)  based on w i n g  area, C L ~  + CLs F/S 

P pressure  coefficient 

pB base  pressure  coefficient 

c' m e a n  aerodynamic  chord 

S t o t a l  area of  wing semispan, 0.5 sq  f t  

b/2 wing semispan, 12 in.  

F maximum f ronta l  area of s tore ,  0.0123 sq f t  

2 store  length,  in. 

X chordwise position of s to re  midpoint, measured from 
fuselage nose, in .  

Y spanwise posit ion of store  center  l ine,  measured from 
fuselage  center  line,  in. 

z vert ical   posi t ion of store  center  l ine,  measured from 
w i n g  chord  plane,  positive downward, in .  

P cotangent of Mach angle, Jz 
a wing-fuselage  angle of attack, deg 

Subs c r   i p t  s : 
8 " 

W wing 

w f  wing-fuselage c.ombination 

S s to re  

t t o t a l ,   f o r  complete configuration  (wing-fuselage-store) 



MODELS AND EQUIPMEKC 

The models and the general arrangement  of the  test  setup are shown 
i n   t h e  drawing  of figure 1 and the  photograph i n   f i g u r e  2. Additional 
information  and model dimensions are given i n  table I. 

The wing-fuselage  half-span model w a s  constructed of metal and w a s  
mounted on a boundary-layer  bypass plate .  A four-component strain-gage 
balance housed within the p la te  measured normal force, chord force, 
pitching moment, and wing bending moment. 

The store,  (a body of revolution  scaled t o  have the  equivalent  fron- 
t a l  area of a twin-engine  nacelle) was constructed of metal and was 
mounted on a six-component sting-supported  internal  strain-gage  balance. 
The store  support equipment allowed t rans la t iona l  motion i n  a plane  par- 
a l le l  t o  the plane of t he  wing, and in  addition,  through a remotely 
operated  crank  provided a ve r t i ca l  movement. Since  the  store and balance 
rotated as they moved from one height t o  another,  resolution of forces 
was necessary t o  obtain  values  in the ve r t i ca l  and horizontal  plane. 
The s tore  chordwise location w a s  varied by  changing the  length of the 
support  sting  during shutdown between tunnel runs. Store base pressure 
w a s  obtained by measurement of the pressure  in  the  store  balance  cavity.  

TESTS 

T h i s  investigation was performed i n  the Langley 4- by &-foot  super- 
sonic  pressure  tunnel a t  a Mach  number of 2.01 and a Reynolds number of 
3.62 x lo6 per  foot.  The pos i t ions   in  which the s tore  was tes ted   a re  
shown by the "test grid" of figure 1. The s tore  and  wing-fuselage  both 
remained at zero degrees angle of a t tack when the   s tore  was at ve r t i ca l  
positions z = 1-15 and 1.67. A t  z = 2.09 t e s t s  were made with  the 
wing-fuselage at Oo and 4' angle of attack  while  the  store remained a t  
a = oO. 

A 1/4-inch-wide s t r i p  of number 60 carborundum grains   in   shel lac  
was  located on both  surfaces  of  the wing along the 10-percent  chord l ine,  
on the  fuselage  nose 1/2 inch from the t i p ,  and on the s tore  nose 1/4 inch 
from the   t i p ,   i n   o rde r   t o   i n su re  boundary-layer t r ans i t i on  from laminar 
t o  turbulent. 

A discussion  of the extraneous  support  interference  encountered and 
the a b i l i t y  of this technique t o  reproduce the  data obtained on full-span 
models i s  discussed  in  reference 1. 
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I 
Precision of Data 

An estimate of the  relative  accuracy  in  the  present  data  as  deter- 
mined from an inspection of repeat  test   points and s ta t ic-cal ibrat ion 
deflections is presented below: 

Store  Position 

x, in.  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.025 
y, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.05 
z, in.  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fQ.05 

Store Wing Fuselage 

. . . . . . . . . . .  f O . 0 0 5  C . . . . . . . . . .  +0.0005 
cDS 
c . . . . . . . . . . .  f O . O 1 O  . . . . . . . . . .  
C +O.OO? . . . . . . . . . .  
LS cLwr 

+o .005 

% " " " " " '  C 
ntrf 

kO.002 

cys . . . . . . . . . . .  +0.010 . . . . . . . . . .  C *wf f0.002 

Cns . . . . . . . . . . .  +-0.005 a, deg . . . . . . . . .  k 0 . l  

as, deg . . . . . . . . .  kO.2 

PRESENTATION  OF TEST DATA 

A l l  of the  tes t   data   (both on s tore  and wing-fuselage) have been 
adjusted  to  correspond to   the  condi t ion of free-stream  static  pressure 
a t  the model base. 

Isolated  Store and Wing-Fuselage Data 

These data are  presented so that the  ioterference  effects can  be 
evaluated  in terms of the  isolated  forces and equivalent  angle of attack. 

Figure 3 shows l i f t ,  drag, and pitching-moment coefficients  referred 
- t o   t h e  wind axis for  the  store  alone at angles of a t tack up t o  loo. The 

s tore  w a s  t es ted   in   p i tch   in   bo th   the   p lane  of the   p i tch  beam and i n   t h e  
plane of the  s ide  force beam.  The forces and moments thus  obtained agree 
within  the  stated  accuracy of the tests. 



Figure 4 presents  the  isolated wing-fuselage  data. L i f t ,  drag, 
pitching-moment and wing  bending-moment coefficients  based on the wind 
axis are shown fo r  angles of a t tack from -lo t o  4O. Limitations of t he  
test' apparatus  prevented a greater a range. 

Chordwise Plots of Basic Data 

The measured test data  are  presented  in  the form  of plots  of force 
and moment coefficient  against  chordwise posit ion of the  s tore  midpoint. 
Offset   vertical   scales  are used so that data   for   the 11 spanwise positions 
can  be shown i n  a single  f igure.  On the  r ight  and l e f t  margins the  zero 
for  each curve is  ident i f ied  with  the  l ine symbol corresponding t o   t h a t  
spanwise position. On each  figure is a sketch of the  configuration 
showing the  store  posit ions a t  which measurements were obtained. The use 
of the chordwise position  parameter, x-py, f ac i l i t a t ed   t he   f a i r ing  of the  
curves. 

Drag, l i f t ,  side  force,   pitching moment, and yawing moment for   the 
store  in  the  presence of the wing-fuselage are  presented  in figures 5 
t o  9 .  Fibme 10 gives  the measured store  base  pressures used in   adjust ing 
the  above-mentioned data.  Parts (a) through (a) of each of the  above 
figures show data f o r  three s tore   ver t ical   locat ions and two angles of 
attack,  (four  conditions).  In figures 11 t o  13, drag, l i f t ,  and pitching 
moment of the wing-fuselage  combination are  presented  for  the  four con- 
di t ions.   In   f igure 14, wing bending moment for  three  conditions i s  
presented.  Total  drag and t o t a l  l i f t  of the complete configuration 
(wing-fuselage-store)  are shown in  the  four   par ts  of figures 15 and 16. 

Contour Maps of Basic Data 

The bulk of the  basic data has been repeated  in  the form  of contour 
maps ( f ig s .  1-7 t o  27) .  The  number assigned t o   t h e  contour l i n e  is the 
force  or moment coefficient of the   s tore  or wing-fuselage  with  the  store 
midpoint a t  any point on tha t   l i ne .  Maps are presented  for  each of the 
forces and moments at two ver t ical   heights  and two angles of a t tack 
(three  conditions) . 

Two other  contour maps which have been prepared from the  basic data 
are  presented.  In  f igure 28 the  slope of t h e   s t o r e   l i f t   c o e f f i c i e n t  
with  wing-fuselage  angle of a t tack is shorn i n   t h e  form of a contour 
map, and the  slope of the  store  side-force  coefficient is shown i n  
figure 29. The slopes were computed assuming a l inear   var ia t ion of the 
particular  coefficient between Oo and 4' angle of attack. 



Comparison Figures 

Figures 30 t o  36 show the   e f fec t  of a reduction  in Mach  number  on 
the  s tore  and wing-fuselage  forces  and, in  addition, on the  slope of 
s tore  l i f t  and side  force  with wing fuselage  angle of attack. The  Mach 
number 1.61 data  are reproduced from references 1 and  2. 

The e f fec t  of  changes in   ve r t i ca l   s to re  displacement on store  drag, 
s tore  lift, s tore  side force,  wing-fuselage  drag, and wing-fuselage 
l i f t  can be  seen from an inspection of figures 37 t o  41. A t  each of 
four  representative spanwise posi t ions,   coeff ic ients   for   three  ver t ical  
positions are shown  on the same p lo t .  

In   the same fashion,  the  effect of wing-fuselage  angle of a t tack 
on these  forces i s  shown in  f igures 42 t o  46. 

The relative  contribution of the  s tore  and the wing fuselage  to   the 
t o t a l  drag and t o t a l  l i f t  i s  shown in   f igures  47 and 48. 

DISCUSSION  OF RESULTS 

Store Drag 

The resul ts   for   s tore   drag  are  similar t o  those  obtained a t  a Mach 
number of 1.6 and reported  in  reference 1. The interference  values a t  
a Mach  number of 2.01 are  sl ightly  smaller;  that is, lower maximum and 
higher minimum drag  coefficient  values  are  encountered,  as shown i n  
figure 30. Figure  30  also shows that the  drag  reduction that occurs 
when the  store  base is in  the  positive  pressure  region between the bow 
wave and the  leading edge of the wing is  smaller and occurs  farther aft  
at a Mach  number of 2.01. This  trend is as would be  expected when the 
rearward s h i f t  of the Mach l i n e  is  considered. 

Increasing  the  separation  distance ( z )  between the  s tore  and the 
wing causes  relatively  large changes in  store  drag as shown in   f igure  37. 
This i s  most evident when the  s tore  midpoint i s  near  the  quarter chord 
of the   loca l  wing section. For instance, a t  y = 3.0 in. ,   the maximum 
drag  reduction due t o  increased  separation i s  of the same s ize  (40 per- 
cent of the  isolated  store  drag) as the  maximum change due to   va r i a t ion  
i n  chordwise position. 

For some chordwise positions,  large  increases  in  drag  occur  with  an 
increase  in  wing-fuselage  angle of a t tack as shown in   f igure  42. However, 
t h i s   r e s u l t  i s  not  general and f o r  some locations  decreases  are shown, 
par t icular ly  when the  afterbody of the  s tore  is in   the  region of increased 
pressure  about  the wing leading edge. 



Store L i f t  

A s  shown i n  figure 3 l t h e  posit ive  interference l i f t  on the   s tore  
at a Mach  number of 2.01 is somewhat smaller than at the lower Mach 
number.  The e f fec t  of s tore   ver t ica l   loca t ion  and wing-fuselage angle 
of a t tack on s tore  lift (f igs .  38 and 43) is  similar t o  that shown i n  
reference 2 f o r  a Mach  number of 1.61. A t  some chordwise posit ions  the 
decrease i n  l i f t  due t o  increasing z is about 3/4 of the m a x i m u m  change 
due t o   v a r i a t i o n s   i n  chordwise position, which as was the  case  for   s tore  
drag is  most pronounced when the   s tore  midpoint i s  near  the  quarter chord 
of the loca l  wing section.  Decreases due to   an   increase   in  wing-fuselage 
angle of a t t a c k   t o  )-to a r e  as large as 213 of the  chordwise variation. 
However, as was pointed  out  in  reference 2 and as w i l l  be shown later i n  
this  report ,   store  interference l i f t  i s  only a small par t  of the  configu- 
ra t ion   to ta l   in te r fe rence  l i f t .  

Store  Side  Force 

Variat ions  in   s tore   a ide  force a t  zero  angle of attack  occm w i t h  
the change i n  Mach  number as shown i n  figure 32. The contour map of the  
slope of s tore   s ide  force w i t h  wing-fuselage angle of a t tack   ( f ig .  29) 
shows a marked s i m i l a r i t y   t o  the one in  reference 2 at a Mach  number 
of 1.61. This indicates that the development of  spanwise  flow is not 
greatly  affected by the  Mach  number change from 1.61 t o  2.01. 

The e f fec t  of ver t ical   locat ion is less on s tore   s ide  force  ( f ig .  39) 
than on s tore  lift or  drag  (figs.  37 and 38). Maximum changes due t o  
ver t ical   locat ion are only half those due t o  chordwise position. 

Store  Pitching Moment and Yawing  Moment 

Comparison figures  are  not  presented  for  store  pitching moment and 
yawing moment. A s  shown i n  the basic data, the s tore  moments were 
referenced t o  the nose. However, t ha t  data, being  based on an  unrealist ic 
center of gravity,  cannot  be  used t o  show the   e f f ec t s  of the  variables on 
s tore  moments. A n  examination of the moment data re fe r r ed   t o   t he   s to re  
midpoint showed that the  moments are   less   affected by  changes i n   v e r t i c a l  
location and angle of a t tack than the  forces.  For  instance,  the maximum 
change in   s to re  yawing moment due t o  the 4O change i n  angle of attack is 
one-third  the maximum change due t o  chordwi’se posit ion.   In the case of 
side  force  the two variables had equal  effects. This r e su l t  is i n  agree- 
ment with that obtained at a Mach  number of 1.61. 



Wing-Fuselage Drag 

Figure 33 presents a comparison of wing-fuselage  drag in  the  presence 
of the  s tore  of the  two Mach numbers. No explanation  could  be found for 
the  substantial  and  unexpected increase  in  drag-coefficient  level at a 
Mach  number  of 2.01. The interference, however, i s  somewhat less  pro- 
nounced at   the  higher Mach number.  Only small changes in   the   in te r fe r -  
ence pattern occur  with  an  increase i n  z ( f ig .  40) . Of course, at 
angle of a t tack   ( f ig .  45) the whole curve is a t  a higher  level and more 
severe  interference  forces  are  exhibited. 

Wing-Fuselage L i f t  

The curves of wing-fuselage l i f t  i n   t he  presence of the   s tore  a t  
the two  Mach numbers (figure 34) show reasonable  agreement,  except a t  
x = 18 for  the  inboard  stations.  The effect  of vertical   height on the 
l i f t  i s  re la t ive ly  small, see  figure 41. A t  the  increased angle of 
a t tack,   ( f ig .  46) although  the  level of the  curve  increases,  the  inter- 
ference  pattern changes l i t t l e .  

Total Drag 

Figure 47 shows that both  store and wing-fuselage  contribute  almost 
equally to   the  total   in terference  drag.  Notice that, in  general ,   store 
positions that give  high  store drag a lso   resu l t   in   h igh  wing-fuselage 
drags, as was also  the  case a t  a Mach  number of 1.61. Total  drags 
16 percent  higher and 10 percent lower than  the sum of the  isolated  s tore  
and isolated wing-fuselage  drags were encountered. 

Total L i f t  

Figure 48 shows that the   t o t a l  l i f t  is composed almost  entirely of 
the  wing-fuselage lift. The maximum interference l i f t  obtained  corre- 
sponds t o  l i f t  generated by the  wing-fuselage a t  lo angle of attack. 
A comparison with  figure 47 shows that almost t h i s  amount of lift can 
be  generated at a store  posit ion that produces no interference  drag 
penalty,  (y = 3.0 in., x = 28 in . ) .  

Wing-Fuselage Flow Field 

In  an  attempt  to  predict   the  interference  drag of the   s tore  i n  the  
v ic in i ty  of the wing-fuselage, linearized  theory has been  used to   ca l cu la t e  
the  longitudinal  static  pressure  distribution at two spanwise positions, 
and these  pressures have been  used to   ca l cu la t e   t he  buoyant force on the  - 



store .  The pressure  distributions  for y = 5.4 and y = 9.0 are  shown 
in   f igure  49. A comparison of the  resul t ing drag values and the  experi- 
mental  interference  store drag is also shown. 

The buoyant force  experienced by the  store is dependent on the com- 
bined flow f i e l d  of the wing and the  fuselage  (including  wing-fuselage 
interference) and on the   re f lec ted   f ie ld  of the  s tore  itself with the 
wing o r  fuselage  acting  as a reflecting  surface. The pressure  dis t r i -  
butions due t o  the wing and fuselage were determined  separately and were. 
added, the  effect  of the  interference between the wing and the  fuselage 
being  neglected. The e f fec t  of the image s to re   f i e ld  was investigated 
and found t o  be negligible  in  the  cases  considered. 

The familiar equations of linearized  theory were used in  evaluating 
the  pressures. However, because of the complexity of the  configuration, 
graphical  integration was employed. The following  equations were used: 

Wing Fuselage 

Pw = -2gx 

where 

B veloci ty   potent ia l  

h slope of wing surface i n  streamwise direct ion 

S cross-sectional  area of fuselage 

x,y,z  field  point  location  in  Cartesian  coordinates 

5 ,n  source  location  in  Cartesian  coordinates 

The graphical method used did  not  completely  take  into  account  the 
singular  nature of the  distance  functions, 

1 



and 

the i r  maximum value  being  arbitrari ly  l imited  in  the  plott ing.  The maxi- 
mum error  in  the  calculated  pressure  coefficient due t o  that omission  and 
t o   p l o t t i n g  and integrating  errors i s  estimated t o  be m.02. An er ror  of 
0.02 in  pressure  coefficient  along  the  length of the  s tore   (posi t ive over 
the forebody,  negative on the  afterbody)  produces  an  error  in  the  inte- 
grated  drag  coefficient of 0.032. However, that represents an extreme 
case  not  likely t o  be  encountered. 

The inf ini te   s lope at the  leading edge of the  65~006 wing section 
-was t rea ted   in   the  same manner as the   in f in i ty  of the  distance  function, 
'being a rb i t r a r i l y   l imi t ed   t o  a slope of 0.3. This  treatment of the 
leading edge is one  of many possible  adjustments  for a condition which 
violates   the assumptions of linearized  theory. As w i l l  be shown later, 
t h i s  is one region where the  theory as used here is inadequate. The 
velocity  potential  was found by a double integration  involving a contin- 
uous dis t r ibut ion of sources  over  the  surface of the  wing within  the 
fore Mach cone from the  point   in   the  f ie ld .  The result ing  velocity 
potentials were plotted  against x and were different ia ted  to   obtain 
the  pressure  coefficient due t o   t h e  wing alone  along a l i n e   p a r a l l e l   t o  
the wing-fuselage axis.  

The wing was treated  as  being  symmetrical  about y = 1.375, the  
fuselage  surface  being  considered t o   a c t  as a reflection  plane.  However, 
the  contribution of the image  wing is  small for  the  cases  treated,  
amounting t o  0.015 in  pressure  coefficient at the maximum. The pressure 
dis t r ibut ions due t o   t h e  wing, the  fuselage, and the combination a re  shown 
in   t he  upper portion of figure 49. The experimental and the  calculated 
theoretical   drags  are  also shown in   t h i s   f i gu re .  

The sharp break  in  the  theoretical  drag  curve at x = 17.5 i n  
par t  (a) and a t  21.5 i n   pa r t   (b )  occurs when the  base of the   s tore  moves 
into  the  positive  pressure  region at the wing leading edge. In  both 
cases, it can  be  seen that bet te r  agreement would resu l t  i f  the  posi t ive 
pressure jump appeared as a bow  wave  some distance ahead of the  leading 
edge. An examination of the  store  drag  data and store  base  pressures 
indicates that the bow  wave is present at t h i s  Mach  number and a t  a Mach 
number of 1.61. Another sharp break  occurs in  both  curves when the  
increase  in  pressure at the   t r a i l i ng  edge of the wing f i r s t   a f f e c t s   t h e  
store  afterbody.  This  causes a pronounced disagreement between experi- 
ment and theory.  Apparently, this  pressure  buildup is not  nearly as 
sharp  as  the  theory  predicts. These seem t o  be  the two major causes 
of the disagreement between  experiment and theory. 



On the whole, the  calculations do predict  the  proper  trends  in 
store  drag  although  the  quantitative agreement is poor. A more exact 
theoret ical   solut ion and a more appropriate  treatment of the wing leading 
edge quite  possibly would show be t te r  agreement with  experiment. 

CONCLUSIONS 

The r e su l t s  of a supersonic  wind-tunnel investigation at a Mach 
number of 2.01, i n  which separate  forces were measured on a s tore  and 
a swept-wing-fuselage  combination fo r  a wide range of store  posit ions,  
provide  the  following  conclusions: 

1. The interference  effects measured at a Mach nmber of 2.01 a re  
similar in  character t o  those  previously  reported at a Mach  number of 1.61 
in  references 1 and 2. 

2. The pr incipal   effect  of the change i n  Mach  number was t o  s l i gh t ly  
reduce the maximum interference  effects when expressed in   coeff ic ient  
form and t o  sh i f t   t he  occurrence of these peaks in   the  direct ions of the 
Mach l ine  change. 

3.  The interference  store  drags  calculated from linear  theory 
showed but  limited agreement  with  experiment. The major areas of disa- 
greement, however, are  explainable in  most cases by the  well-known l i m i -  
t a t ions  of l inearized  theory  in  predicting the wing-body flow f i e ld .  

Langley Aeronautical  Laboratory, 
National  Advisory Committee f o r  Aeronautics, 

Langley Field, Va., Noverriber 17, 1955. 
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TABU I 

Pertinent Model Dimensions 

Store: 

Maximum diameter. i n  . . . . . . . . . . . . . . . . . .  
Maximum f ron ta l  area. sq f t  . . . . . . . . . . . . . .  
Base diameter. i n  . . . . . . . . . . . . . . . . . . . .  
Base area. sq f t  . . . . . . . . . . . . . . . . . . . .  
Over-all  length. i n  . . . . . . . . . . . . . . . . . . .  
Nose f ineness   ra t io  . . . . . . . . . . . . . . . . . .  
Afterbody  fineness r a t i o  . . . . . . . . . . . . . . . .  
Over-all  fineness  ratio . . . . . . . . . . . . . . . .  
Ratio of w i n g  area t o   s t o r e  maximum f ron ta l  area . . . .  

Fuselage : 

Maximum diameter. i n  . . . . . . . . . . . . . . . . . .  
Maximum f ron ta l  area (semicircle). sq f t  . . . . . . . .  
Base diameter. i n  . . . . . . . . . . . . . . . . . . . .  
Base area  (semicircle). sq ft' . . . . . . . . . . . . .  
Over-all  length . . . . . . . . . . . . . . . . . . . .  
Nose f ineness   ra t io  . . . . . . . . . . . . . . . . . .  
Afterbody f ineness   ra t io  . . . . . . . . . . . . . . . .  
Over-all  fineness  ratio . . . . . . . . . . . . . . . .  

1.5 
0.0123 

0.96 
0 . 0 0 ~ 0  

' 1 2  
3 

1.82 
8 

40.6 

2.750 
0.0206 
1.372 

0.0051 
35 75 
4.75 

3 
13 

Swept  Wing: 

Semispan.in . . . . . . . . . . . . . . . . . . . . . .  12 
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . .  6.580 
Area (semispan) . sq ft . . . . . . . . . . . . . . . . .  0.500 
Sweep (e/)+). deg . . . . . . . . . . . . . . . . . . . .  45 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  4 
Taper rat i o  . . . . . . . . . . . . . . . . . . . . . .  

r- 0-3 Chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  9.23 
Section . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65~006 
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Figure 1.- Layout of models  showing  dimensions of components  and  ranges 
of store  positions  investigated. 
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Figure 2.- Photograph of models. Transit ion  strips  not shown. 
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(a) z = 1.15 inches; a = 0 . 
F i W e  5.- of Store  in  presence of wing-fuselage  combination. 
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Figure 7.- Side  force of store  in  presence  of  wing-fuselage  combination. 
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Figure 7.- Continued. 
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Figure 9.- Continued. 
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(a) z = 1.15 inchesj a = 0 0 . 
Figure 10.- Base  pressure  of  store  in  presence of wing-fuselage  combination. 
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Figure 11.- Drag of the  wing-fuselage  combination  in  presence  of  store. 
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(a) z = 1.13,inches; a = 0 . 
Figure 17.- contour p l o t  of the drag of store  in  presence  of  wing-fuselage 
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Figure 17.- Continued. 
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(a) z = 1.15 inches; a = 0 . 0 

Figure 18.- Contour plot  of l i f t  of s tore   in  presence of wing-f'uselage 
combination. 
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(b) z = 2.09 inches; u = 0 0 . 
Figure 18. - Continued. 
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( e )  z = 2.09 inches; a = 4 0 . 
Figure 18. - Concluded. 
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Figure 19.- Contour plot of side  force of s tore   in  presence  of  wing-fuselage 
comb inat  ion. 
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(b) z = 2.09 inches; a = 0'. 

Figure 19.- Continued. 
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( a )  z = 1.15 inches; a = 0 . 0 

Figure 20.- Contour p l o t  of p i tch ing  moment of s tore   in   presence  of  wing- 
fuselage  combination. 
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Figure 20. - Continued. 
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( a )  z = 1.15 inches; a. = 0'. 

Figure 21.- Contour p l o t  of yawing moment of s tore   in  presence of wing- 
fuselage combination. 
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(b) z = 2.09 inches; CL = 0'. 

Figure 21.- Continued. 

3.0 

54 

Z8 
gh 

102 

2.6 

150 

/80 



(e) z = 2.09 inches; a = 4'. 

Figure 21.- Concluded. 
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(a,) z = 1.15 inches; CL = 0'. 

Figure 22.- Contour  plot of the  drag of the  wing-fuselage  combination  in 
presence of store. 
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Figure 22. - Continued. 



H 

/8 z/ 24 2 7  
qh. 

(e) z = 2 .Og inches; a, = 4'. 

Figure 22.- Concluded. 

30 33 

\j; 
3.0 u 

54 

60 



\, I y\, \ 

I \  

/2 /8 2/ 2P 27 30 33 

(a) z = 1.15 inches; a = 0 0 . 
Figure 23. -  Contour  plot of the  lift of the  wing-fiselage  combination in 

presence of store. 
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(b) z = 2.09 inches; u = 0'. 

Figure 23. - Continued. 
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(a) z = 1.13 inches; a = 0'. 

Figure 24.- Contour  plot of the  pitching  moment of the  wing-fuselage 
combination  in  presence  of  store. 
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Figure 24. - Continued. 
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Figure 24. - Concluded. 
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Figure 25.- Contour  plot of the  wing  bending  moment of the  wing-fuselage 
combination  in  presence of store. 
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Figure 25.- Continued. 
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(c) z = 2.09 inches; CL 4'. 

Figure 25.- Concluded. 
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(a) z = 1.15 inches; a = 0'. 

Figure 26. - Contour  plot  of  the  total  drag  of  the  complete  (wing-fuselage- 
store)  configuration. 
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( e )  z = 2.09 inches; a = 4’. 

F i m e  26. - Concluded. 
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( a )  z = 1.67 inches; a, = 0'. 

Figure 27.- Contour p lo t  of t o t a l  lift  of  the  complete  (wing-fuselage- 
store)  configuration. 
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Figure 27.- Continued. 
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Figure 27.- Concluded. 
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Figure 28.- Contour plot of the  slope of store l i f t  with  wing-fuselage 
angle of attack. z = 2.09 inches. 
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Figure 29.- Contour plot of the  slope of store  side  force with wing- 
f'uselage angle of attack. z = 2.09 inches. 
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Figure 30.- Comparison of store drag at M = 1.61 and M = 2.01. 
z = 1.15 inches; u = 0'. 
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Figure 32.- Comparison of store  side  force at M = 1.61 and M = 2.01. 
z = 1.13 inches; a = 0'. 
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Figure 35.- Comparison of slope of store l i f t  with  angle of a t tack  a t  
M = 1.61 and M = 2.01. 
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Figure 36.- Comparison of slope of store  side  force  with angle of attack 
a t  M = 1.61 and M = 2.01. 
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Figure 37.- Effect of store  vertical   location on store drag. a = 0'. 
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Iiligure 38.- Effect of store  vertical   location on store l i f t .  a, = 0 . 0 
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Figure 39.- Effect of store  vertical   location on store  side  force. 
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Figure 40. - Effect of s tore   ver t ical   locat ion on wing-fiselage  drag. 
a = 00. 
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Figure 42.- Ef fec t  of angle  of  at tack of  wing-fuselage  combination on 
s tore   drag.  z = 2.09 inches. 
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Figure 43.- Effect of angle of  attack of wing-fuselage  combination  on 
store  lift. z = 2.09 inches. 
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Figure 44.- Effect  of  angle of attack of wing-fuselage  combination on 
store  side  force. z = 2.09 inches. 
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Figure 45.- Effect  of angle of attack of wing-fuselage combination on 
wing-fuselage drag. z = 2.09 inches. 
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Figure 46.- Effect  of  angle of a t tack  of wing-fuselage  combination on 
wing-fuselage l i f t .  z = 2.09 inches. 
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Figure 47.- Relative  contribution  of  store and wing-fuselage  drag  to 
t o t a l  drag. z = 1.15 inches; a = 0'. - 
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Figure 48.- Relative  contribution of s tore  and wing-fuselage l i f t  t o  
t o t a l  l i f t .  z = 1.13 inches; a = 0'. 
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Figure 49.- Theoret ical   pressure  dis t r ibut ion and a comparison of theo- 
r e t i c a l  and  experimental  interference  store  drag. z = 1.15; a = 0 . 0 
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Figure 49.- Concluded. 
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